The present work aims to carry out modal analysis of a functionally graded material (FGM) plate to determine its natural frequencies and mode shapes by using Finite Element Method (FEM). Functionally graded material can be differentiated by varying the composition and structure progressively over its volume, consequentially in corresponding changes in the material constituents. The mechanical properties of a FGM plate change continuously from one surface to another through its thickness direction according to power law. For modal analysis of FGM plate program has been coded in MATLAB software. Some examples are solved, and the results are compared with those available in the literature. The mode shape and natural frequencies of rectangular FGM plate are found at different boundary conditions. It has been observed the effect of volume fraction index, which indicates the percentage of ceramic and metal composition in the FGM. In addition, the effects of power law index on the FGM plate natural frequency and mode shapes with different boundary conditions are studied.
Introduction
Modal analysis is a technique used to determine structure's vibration characteristics: Natural frequencies, and Mode shapes. These are most fundamental of all dynamic analysis types. Whereas technology development at an ever increasing rate, the need for advanced capability materials becomes a main concern in the modal analysis of engineering structures of more intricate and higher performance systems. These requirements can be seen in many fields in which engineers are exploring the applications of new engineered materials.
Functionally Graded Materials (FGMs) are a relatively new technology and are being studied for the use in components exposed to high temperature gradients. An FGM material property allows the designer to tailor material response to meet design criteria. An FGM composed of ceramic on the outside surface and metal on the inside surface eliminates the abrupt change between coefficients of thermal expansion, offers thermal protection, and provides load carrying capability. This is possible because the material constituents of an FGM changes gradually through-the-thickness; therefore, stress concentrations from abrupt changes in material properties are eliminated. The FGM plates has numerous applications in advanced engineering fields such as thin-walled structural components in space vehicles, nuclear reactors, and other high thermal application areas. The Functionally graded material (FGM) can be intended for specific function and applications. The material properties such as young's modulus, density and poisons ratio values are varying continuously throughout the thickness direction according to the simple volume constituents defined by power law.
In the recent years functionally graded material plates modelling and analysis are carried out by Birman and Larry (2007) . They have presents the principal developments in functionally graded materials (FGMs) with an importance on the recent work published since 2000. Pendhari et al. (2010) have developed the analytical and mixed semi-analytical solutions for a rectangular functionally graded plate. Singha et al. (2011) has investigates the high precision plate bending finite element for nonlinear behaviour of functionally graded plates under transverse load. In their analysis based on the first order shear deformation theory considered the physical/exact neutral surface position. A rectangular functionally graded material plate with simply supported boundary conditions subjected to transverse loading has been investigated by Chi and Yen (2006) . Their analysis carried out, bases on the classical plate theory and Fourier series expansion; the series solutions of power-law FGM (simply called P-FGM), sigmoid FGM (S-FGM), and exponential FGM (E-FGM) plates are obtained. Shahrjerdi et.al.(2008) recently estimates the natural frequency of functionally graded rectangular plate using second-order shear deformation theory (SSDT). The material properties of functionally graded rectangular plates, except the Poisson's ratio, are assumed to vary continuously through the thickness of the plate in accordance with the exponential law distribution. Talha and singh (2010) have studied the static and free vibration analysis of functionally graded material plates by using higher order shear deformation theory with a special modification in the transverse displacement in conjunction with finite element models. Vel and batrab (2004) have developed a threedimensional exact solution for free and forced vibrations of simply supported functionally graded rectangular plates. The exact solution was valid for thick and thin plates, and for arbitrary difference of material properties in the thickness direction. Hashemi et.al. (2011) carried out the new exact closed form method for free vibration analysis of functionally graded rectangular thick plates. Their analysis was based on the Reddy's third-order shear deformation plate theory.
The main objective of this work is to propose a finite element approach for modal analysis of rectangular FGM plates based on the Kirchhoff plate theory or classical plate theory. The material properties are assumed to be graded through the thickness in accordance with a simple power-law distribution. Using the finite element formulation derived for the FGM plate element, a finite element program has been developed. Some examples are solved, and the results are compared with those available in the literature. In addition, the effects of power law index on the FGM plate natural frequency and mode shapes with different boundary conditions are studied.
FGM plate
A functionally graded material plate of thickness h is made of a mixture of ceramic and metal as shown in Fig. 1(a) . The material on the top surface of the plate is ceramic rich whereas the bottom surface material is metal rich. 
where n is the volume fraction exponent (n>0). The variation of the effective material property P may be written as
For plate made of FGM, the neutral surface may not coincide with its geometric mid-surface. The distance of the neutral surface (d) from the geometric mid-surface may be expressed as.
In the neutral surface based formulation, the coordinate n z is with respect to the neutral surface. The volume fraction of ceramic in the new coordinate system can be expressed as 
Finite Element formulations
The displacement field of the classical plate theory is:
The strain-displacement relationship are given as The stress-strain relationships of the functionally graded plate in the global x-y-z coordinates system can be written as 
The FGM plate is model using four node rectangular elements. Four node rectangular elements are having four nodes at each corner as shown in Fig.2 . There are three degrees of freedom at each node, the displacement component along the thickness (w), and two rotations about x and y directions in terms of the (x ,y) coordinates respectively. The each element consists of four nodes 1, 2, 3 and 4 with w is the transverse displacement and x y and represents the rotations about x and y axis respectively.
, ,
Therefore the element has twelve degrees of freedom and the displacement function of the element can be represented by a polynomial having twelve terms as shown. 
The equation of motion for a plate element is obtained by using Hamilton's principle. 
Results and discussions
In according to the Talha The table 1 shows the natural frequency parameters obtained from the present study using classical plate theory. Table 1 show the natural frequency parameter obtained from the present study using classical plate theory and Talha & Singh (2010) . There is a good matching between the presented results and those from Talha and Singh, (2010) , especially for simply supported case. The following numerical results are obtained by considering the steel as the bottom surface and alumina as the top surface in FGM plate according to index value. The geometry of plate and material properties is as follows: L=1 m (length), W=1 m (width), h=0.01 m (thickness).
The variations of natural frequency parameter in FGM (SUS304/Al 2 O 3 ) plate for different boundary conditions are shows in fig. 3, 4 and 5. The effect of power law index n on the frequencies can be seen for different boundary conditions. Figs.3-5 shows the first five frequency parameters verses power law index value at different boundary conditions. As expected, the increasing index value leads to reduce the natural frequency parameter. Increasing index value reduces the ceramic constituents, its produce the effective material properties changes which affect the frequency parameter. A vibrating system with infinite number degrees of freedom (DOF) has infinite number natural frequencies, and for each natural frequency there is a relationship between the amplitudes of the infinite number independent motions, known as the mode shape. There is one mode shape for each natural frequency and it depends on the value of that natural frequency. For a FGM plate the mode shapes are the shapes of the structure at its maximum deformation during a cycle of vibration. Fig. 5, 6 and 7 shows the first four modes shapes of an FGM plate with different boundary conditions.
Conclusions
A finite element formulation for modal analysis of FGM plates has been derived. The material composition of the FGM structure is assumed to vary according to a simple power-law distribution through the thickness. The developed computer code is validated with the published results for natural frequencies of FGM plates. Results obtained from present finite element analysis agree well with those reported. Developed finite element code is employed to compute the natural frequencies and mode shapes of the FGM plate with different boundary conditions and with different power law index values. Convergence study has also been performed and it is observed that results are very good with mesh size 10X10. Effects of power index 'n' and the four different boundary conditions on the natural frequencies are investigated. Natural frequencies for CCCC boundary condition are the largest than the corresponding frequencies obtained for SCSC, SSSS and SFSF boundary conditions. Increasing the power law index value n reduces the first five natural frequencies for all the different boundary conditions. The effect of power law index is more prominent within the range up to 4, after which the effect is not that much significant.
